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Abstract 
Ca llus ind uction and subsequ ent plant regeneration was studied in a commercial Ind ian 
cu ltivar of ga r lic, cV. G-41 (short-day type). 2,4-dicholorophenoxyacetic acid at lower con-
centration (0.25 mg 1-1) and picloram at higher concentration 0.0 mg 1") were suitable for 
efficien t ca llus formation from the root tips. Callus was ob ta ined only from the apical por-
tions of root-tips treated with 2,4-dicholorophenoxyacetic acid w hereas picloram led to cal-
lus fo rmation throughou t the root segment except the non api cal (subjacent) portion . Ca llus 
obtained from induction medium conta ining both auxins and cytokinins responded well to 
regenera ti on . The average shoot regeneration frequency ranged from 16.7% to 50.0% . The 
best combina tion for ca llus culture and regeneration was ca llus formation in root ti p me-
dium 2 (CRT 2) (2,4-d icholorophenoxyacetic acid 0.25 mg 1" + 6-benzy laminopurine 1.0 mg I' 
') induction medium followed by garlic regeneration medium 3 (GR 3) (ki netin 1.0 mg 1") as 
the regeneration medium. In other regeneration media, profuse root form ation and appear-
ance of dark green callus was also observed . 
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Abbreviat ions : BA: 6-Benzylaminopurine, CRT: Callus formation in root tip medium, 2,4-0: 
2,4-Dicholorophenoxyace tic acid , GR: Ca ll us regeneration medium, KIN: Kinetin, MS: 
Murashige and Skoog (1962), Pi : Picloram, RG: Callus regeneration m edium. 
Garlic (Allium salivllll1 L.) is a vegetatively 
propagated crop that does not set seed un-
der normal g rowing conditions in India. Due 
to its sexually sterile nature, garlic breed ing 
has been limited to clonal selection of land 
races or spontaneous n1utants . However, de-
velopment of new garl ic cultivars has become 
increasingly feasible n ow by sexua l 
hybrid isation (Kamenetsky & Rabinowitch 
2001) or by genetic transformation (Kondo 
el af. 2000). Genetic transformation or devel-
opment of somaclonal varian ts depends upon 
the availability of highly efficient callus pro-
duction an d regeneration sys tems. Regenera -
tion via somatic embryogenesis from calluses 
of bulb, leaf disc, stem tip, lea f, recep tacle 
and flower bud and direct organogenesis or 
embryogenesis from shoot tip or stem disc 
explan ts in ga rlic has been reported by vari-
ous authors and summarised by Khar et af. 
(2003a). Haque et af. (1997) obtained high fre-
quency shoot regeneration from root tips of 
garlic w ithout an interveni ng ca llus phase. 
Garlic root tips are commonly used for de-
velopment of garlic regeneration system with 
o r withou t a callus phase (Rob ledo el af. 
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2000). Most of the work on garlic 
micropropagation is based entirely on long 
day, temperate garlic, w hereas, work on In-
dian garlic (short day type) is lacking except 
for a few reports (Bhojwani 19S0; Koul el al. 
1994; Khar et al. 2003b). The present experi-
ment was designed to s tud y the potential of 
callus culture and regeneration in short day, 
tropical garlic at National Research Centre 
for Onion and Garlic, Maharashtra. 
Mature garlic cloves of cV. G-41 were used 
in this study. Cloves w ere peeled off and im-
mersed in Bavistin 0.5 % so lu tion along with 
two drops of Tween-20 per 100 ml for 15 min 
and then washed S-10 times with double dis-
tilled water. After that, th e cloves were im-
mersed in 70% alcohol fo r 2 m in, rinsed thor-
oughly 3-4 times with sterile water and sur-
face sterilised with 2% (v Iv) aqueous sodium 
hypochlori te for 15 min and then washed 
with sterile water 5-6 times. After cutting the 
upper half portion of the cloves and trimming 
sideways and removing the basal necrotic 
portions, the cloves were cultured on MS 
basal medium for root initiation. After 10-12 
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days, the aseptically grown roots were used 
for further experiments. Apica l root tips of 1 
cm length were cut from the axenic seedlings 
and transferred to the callus induction me-
dium. This medium consisted of MS basal 
salts and vitamins w ith sucrose (3% w Iv) and 
phytagel (0.3%) with different concentrations 
of auxins and cytok inins (Table 1). The me-
dium was adjusted to pH 5.S before autoclav-
ing. The petridishes containing explants were 
placed at a temperature of 25 ± 1°C with a 16 
h photoperiod (2500-3000 Lux). The dishes 
were sealed with parafilm and explants were 
sub-cultured every 4 weeks while the fr e-
quency of callus induction (percentage of root 
segments with callus formation) was recorded 
after S weeks. After S weeks, all the ca ll us 
forming explants were transferred to differ-
ent regeneration media (RG2, RG7, RGS, GR1, 
GR3 and GR4) and shoot regeneration (per-
centage o f callus with at least one shoot) was 
determined after 1 month. 
Use of auxin i.e., 2,4-0 alone was found to 
initi ate callus formation at lower concentra-
tion (0.25 mg I") only and increase in con-
Table 1. Effect o f various au xi n and cytokinin combinations on callus formatio n from root tip of 
garlic 
Establishment or Supplement (mg I") No. of No. of explants % response 
induction medium exelants used forming callus 
CRT 1 2,4-D 0. 25 48 39 81.3 
CRT 1.1 0. 50 12 1 8.3 
CRT 1.2 1.00 48 0 0.0 
CRT 2 2,4-D 0.25 BA 1.00 49 46 93.9 
CRT 2.1 0.50 1.00 48 47 97.9 
CRT 2.2 1.00 1.00 36 31 86.1 
CRT 3 0.25 2.25 68 56 82.4 
CRT 3.1 0.5 0 2.25 91 76 83.5 
CRT 3.2 1.00 2.25 37 30 81.1 
CRT 4 2,4-D 0. 25 KIN 1.00 69 63 91.3 
CRT 4.1 0.50 1.00 79 68 86.1 
CRT 4.2 1.00 1.00 37 30 81.1 
CRT 5 0. 25 2.25 37 32 86.5 
CRT 5.1 0.50 2.25 57 53 92.9 
CRT A.1 Pi 1.00 12 9 75.0 
CRT B 0.25 BA 1.00 37 37 100.0 
CRTC 0.25 2.25 13 12 92.3 
CRTD Pi 0. 25 KIN 1.00 12 11 91.7 
CRTE 0.25 2.25 12 12 100.0 
CRT=Callus forma tion in root tip medium 
1n vitro regenera tioll ;11 garlic 
centration led to sharp decline in callus for-
ma ti on w hereas Pi at higher concentration 
0.0 mg 1-') was able to initiate callus forma-
tion in garlic root tip. This is in agree men t 
with p rev ious s tudies o n other Allil/Ill spe-
cies which indicated Pi as the most suitable 
auxin (Phi ll ips & Luteyn 1983). Addition of 
cytokinins (BA and KIN) led to increase of 
ca llus format ion from apical portion of the 
roo ts wi th C RT 2.1 (2,4-0 0.5 m g 1-' + BA 1.0 
mg I-I) showing maximum callus fo rmation 
(97.9%). Increase in BA concen tra tion from 
1.00 to 2.25 mg I-I did not increase ca llus for-
ma tion efficiency. Similarly, in the case o f 
KIN 0 .00 and 2.25 mg I-I), addition o f KIN 
1.0 mg I-I along with 2,4-0 0.25 mg I-I (CRT 4) 
regis tered ma ximum ca llus formati o n effi -
ciency (91.3 %); increase in 2,4-0 concentra-
tion from 0.25 to 0.50 mg 1-' and KIN from 
1.00 to 2.25 mg I-I resulted in 92.9% callus for-
mation efficiency from root tips only. When 
Pi alone was used at higher concentration of 
1 mg I-I, callus formation was observed from 
the apical root tip . The results are in confor-
mity with Haque et of. (998), and Robledo et 
of. (2000) who also reported callus formatio n 
from root tip o f ga rli c but a re contrary to 
the findings of Zheng ef of. (2003) where cal-
lus fo rmation from both ap ical and non api-
ca l portion of roots has been reported. In our 
studies, ca llus form a ti on was obse rved 
throughout the various zones of roots in cal-
lus induction medium supplemented with Pi 
or Pi + cytokinin combination at various con-
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centrations. Ca llus fo rmation on non-ap ical 
portions was not observed. But in auxin i.e., 
2,4-0 and 2,4-0 + cytokinin combinations, 
ca llus formation from root tip only was ob-
served . 
Two months after callus induc tion , th e cal-
lus lines were transferred to regenera ti on 
medium conSisting of MS basal salts and vi-
tamins supplemented wi th sucrose @ 30 g I-I 
and cytokinins (BA 1.00, 2.25, 2.50,3.00 mg I-
'and KIN 1.0, 2.0 mg I-I) (Table 2). It was ob-
served that the callus de ri ved on induction 
med ium containing only aux ins led to pro-
fuse root formation (RF) and no shoot for-
mation, whereas, in callus obtained fro m in-
duc ti on medium supplemented w ith both 
auxins and cytokinins, led to shoot regenera-
tion in some cOlnbinations and root forma-
tion w as also observed in some cases. This is 
in agreement with the findings of Haque ef 
of. (997) and Zheng ef of. (2003), w ho ob-
served that only au xins in combination with 
cytokinins induced shoot regeneration. In 
some combina tions, formation of dark g reen 
ca llus was observed w hen transferred to the 
regeneration medium (RG7) but no shoot for -
mation was obse rved after 1 month of cul-
ture. Kha r ef of. (2003b) also reported forma-
tion of dark g reen callus b ut the regenera-
tion w as observed only after 55-60 da ys of 
culture on the regeneration medium supple-
me nted w ith thidiazuron (TOZ), a high ly 
potent urea derivative. Hig her efficiency of 
Table 2. Regeneration efficienc y (i n per cent) o f garlic in different med ia at 4 weeks of culture 
Establishment or Ca llus in duction Type of response on regeneration mediu m 
induction med ium medium (% respon se) 
(mg I I) RG2 GR I RG 7 RG 8 GR 3 GR 4 
BA 1.0 BA 2.25 BA 2.5 BA 3.0 KIN 1.0 KIN 2. 0 
CRT 2 2,4-0 0.25 BA 1.00 RF RF DC 20.0 50.0 
CRT 2.1 2,4-0 0.50 BA 1.00 16. 7 16.7 
CRT 3 2,4-0 0.25 BA 2. 25 16.7 16.7 DC 25.0 
CRT 3.1 2,4-0 0.50 BA 2.25 RF 25.0 
CRT 3.2 2,4-0 1.00 BA 2.25 20.0 20.0 
CRT 4 2,4 -0 0.25 KIN 1. 00 16.7 RF 25.0 
CRT 5.1 2,4-0 0.50 KI N 2.25 16.7 16.7 16.7 
CRTC Pi 0.25 BA 2.25 16.7 16.7 
RF=Root formation; DG=Dark g reen callus; CRT=Callus formntion in root tip medium; RC=CalIus regenemtion me-
d ium; CR=Callus regeneration medium 
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regeneration (50%) was observed from cal-
lus w hich was induced on CRT 2 (2,4-0 0.25 
mg 1-1 + BA 1.0 mg 1-1) medium (Fig. 1) but 
was la ter transferred to regenera tion me-
dium GR 3 (KIN 1.0 mg 1-1) (Fig . 2). Similarly, 
callus obtained on other combinations of aux-
ins and cytokinins, when transferred to the 
regeneratio n medium, ga ve regen eration 
ra ng ing from 16.7% to 25 .0%. It was observed 
that the use of BA at a higher concen tration 
of 3 mg 1-1 a nd KIN at a lower concen tration 
of 1 mg 1-1 gave good results . 
In conclusion, we have reported a regenera-
tion protocol wherein combined use of auxin 
and cytokinin (2,4-0 0.25 mg 1-1 + BA 1.0 mg 
1-1) for callus forma ti on and subsequent trans-
fer to regeneration medium with only cyto-
kin in (KIN 1.0 mg 1-1) is found suitable for 
Fig. 1. Callus culture in garlic from root tip at 
4 weeks of culture on medium CRT 2 (2,4-D 
0.25 + BA 1.0 mg 1-1) 
Fig. 2. Callus regeneration in garlic at 1 month of 
culture on medium GR 3 (KIN 1 mg 1-1) 
Khar et al. 
efficient regeneration of the shor t day type 
tropical garlic cultivar G-41. Further studies 
on callus formation and regenera tion in d if-
ferent tropical garlic cultivars w il l give a bet-
ter insight for developing an efficient regen-
eration protocol which will be useful for ge-
ne tic transformation studies and for devel-
opment of somaclonal varian ts in garlic. 
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